INTRODUCTION
============

Infections with extended-spectrum β-lactamase (ESBL)-producing *Enterobacteriaceae* (ESBL-E) were first reported during the late 1980s \[[@B1]\]. Since then, the prevalence of infection with ESBL-E, notably *Escherichia coli* and *Klebsiella pneumoniae*, has increased dramatically \[[@B2], [@B3]\]. Infections caused by ESBL-E are associated with improper use of antibiotics and/or lengthy hospital stays. ESBL-E infections are also linked to increased mortality, largely due to delays in receiving effective therapy. The increasing use of carbapenems for empirical therapy of hospital-acquired sepsis has led to a rapid international dissemination of carbapenemase-producing *Enterobacteriaceae* (CPE), notably *K. pneumoniae* \[[@B4], [@B5]\].

Prior colonization is a known risk factor for ESBL-E infections \[[@B6]\]. The reported prevalence rate of ESBL-E varies, depending on the region and the patient population studied. In Korea, the prevalence rate of ESBL-E in clinical specimens was reported to be 12% for *E. coli* and 20-30% for *K. pneumoniae* \[[@B7], [@B8]\]. These rates are relatively higher than those reported for the Asia-Pacific region (27.7%), Latin America (23.3%), Europe (18.8%), the Middle East/Africa (16.2%), and North America (7.4%), but much lower than those reported for India (≥80%) and China (≥60%) \[[@B9], [@B10]\]. As for ESBL-E colonization in intensive care units (ICU) patients, rates varied from 2% to as high as 49% \[[@B11], [@B12]\]. Reports of carbapenem-resistant *Enterobacteriaceae* (CRE) have emerged during the past decade and are increasing rapidly. On the basis of the data from the Centers for Disease Control and Prevention (CDC) on bacterial species that cause healthcare-associated infections, 8% of *Klebsiella* species were resistant to carbapenems in 2007, a much higher figure than that seen in 2000 (\<1%) \[[@B13]\]. In Pakistan, as many as 18.3% of patients attending a military hospital had fecal carriage of CPE; all the isolates were found to produce the New Delhi metallo-β-lactamase-1 (NDM-1) enzyme \[[@B14]\]. In Korea, there have also been reports of CPE, such as *Citrobacter freundii* and *Serratia marcescens* producing the VIM-2 enzyme, *K. pneumoniae* producing *Klebsiella pneumoniae* carbapenemase (KPC), and one outbreak cluster of *K. pneumoniae* that produced the NDM-1 enzyme \[[@B10]\].

In this study, we investigated the frequency of fecal carriage and acquisition rate of ESBL-E and CRE among patients admitted to ICU. In addition, we examined the molecular characteristics of the isolates. To our knowledge, this is the first study on CRE colonization rate in patients admitted to ICU in Korea.

METHODS
=======

1. Study patients
-----------------

After ethical clearance by the Institutional Review Board of the Catholic Medical Center, all patients admitted to the ICU of three teaching hospitals from June to August 2012 were included in the study. Rectal swabs were acquired at admission and thereafter at weekly intervals, or at the time of discharge. Carriers were defined as patients found to be colonized with ESBL-E or CRE at admission. To determine acquisition rates, follow-up cultures were performed for original non-carriers at weekly intervals until hospital discharge. The acquisition rate was defined as the number of patients who were not colonized at admission but became colonized afterwards, divided by the number of patients not colonized at admission.

2. Microbiological studies
--------------------------

A single rectal swab specimen was collected from each patient. To detect the presence of ESBL-E, specimens were inoculated onto ChromID ESBL agar (bioMérieux, Marcy l\'Etoile, France) containing 4 mg/L cefpodoxime, according to CLSI guidelines \[[@B15]\]. ESBL confirmatory tests were performed as described previously \[[@B16]\]. For CRE screening, specimens were inoculated onto KPC agar containing 1 mg/L imipenem (Rosco Diagnostica, Taastrup, Denmark) \[[@B17]\]. Isolates from colonies grown on the selective medium were identified to the species level and tested for antimicrobial susceptibility using the Vitek 2 system (bioMérieux). For isolates showing decreased susceptibility to imipenem or meropenem, a modified Hodge/cloverleaf test and carbapenemase confirmation test using the Rosco kit (Rosco Diagnostica) were conducted as previously described \[[@B18]\]. Minimum inhibitory concentrations (MICs) for ertapenem, imipenem and meropenem were determined by the broth dilution method, the E test (bioMérieux), or the disk diffusion methods, according to CLSI guidelines \[[@B15]\]. CRE was defined as isolates showing decreased susceptibility to ertapenem, imipenem, and/or meropenem irrespective of carbapenemase production. PCR assays were used for preliminary characterization of ESBLs present. Previously described PCR conditions and group-specific primers were used in this study ([Table 1](#T1){ref-type="table"}). For all isolates of a given family, clonal relatedness was determined using pulsed-field gel electrophoresis (PFGE) analysis. Briefly, after digestion with *XbaI* (New England Biolabs, Frankfurt, Germany), DNA fragments were separated on 1.2% agarose gels in a 0.5× TBE (Tris-borate-EDTA) buffer, using a CHEF Mapper apparatus (Bio-Rad Lab., Hercules, CA, USA). The conditions were as follows: 14℃, 6 V/cm, pulses of 10-40 sec, and a run time of 22 hr with a ramping factor of -1.357. Genetic similarities were assessed by the unweighted pair-group method using arithmetic averages (UPGMA), with the band position tolerance set at 1.8%. Tenover\'s criteria were used to determine whether isolates represented the same clone \[[@B26]\]. PFGE patterns were analyzed with the Finger-Printing II software (Bio-Rad Lab.), and were considered to be clonally related if they had a similarity coefficient greater than 80%.

3. Statistical analysis
-----------------------

Statistical analysis was performed using SPSS software (version 14.0, SPSS Inc., Chicago, IL, USA). We used Student\'s t-test to compare proportions, and Fisher\'s exact test when appropriate. *P* value equal to or less than 0.05 was considered statistically significant.

RESULTS
=======

1. Fecal carriage and acquisition rate of ESBL-E and CRE
--------------------------------------------------------

When 347 patients admitted to the ICU were taken for the research, the ESBL-E carriage rate was 28.2% (98/347). Of the 249 non-carriers, follow-up rectal swabs were obtained for only 91 patients, resulting in an ESBL-E acquisition rate of 12.1% (11/91). The carriage rate of CRE was very low (0.3%, 1/347), and the acquisition rate was 2.9% (4/140). Of the 98 patients carrying ESBL-E, no patient concurrently carried CRE, although 2 patients acquired CRE afterwards.

2. Bacterial species identification, distribution of resistance genotypes, and clonality analysis of ESBL-E and CRE isolates
----------------------------------------------------------------------------------------------------------------------------

The bacterial species identified from isolates and the distribution of ESBL genotypes are shown in [Table 2](#T2){ref-type="table"}. *E. coli* and *K. pneumoniae* were the two most common species found among the 115 ESBL-E isolates from the carriage group (82 and 24 isolates, respectively). Of these, 76 *E. coli* isolates (92.7%) and 15 *K. pneumoniae* isolates (62.5%) harbored CTX-M type ESBLs; overall, CTX-M-9 was the most common genotype (54/115). For *E. coli*, CTX-M-9 was the most common type (65.9%, 54/82) whereas the CTX-M-1 type was the most common (62.5%, 15/24) for *K. pneumoniae*. PFGE analysis of the 82 *E. coli* and 24 *K. pneumoniae* isolates from the carriage group revealed 71 and 16 pulsotypes, respectively. Of the 12 cases who acquired ESBL-E (6 *Escherichia coli*, 3 *K. pneumoniae*, 3 *Enterobacter cloacae*, and 1 *C. freundii*), all isolates except one (*E. cloacae*) had CTX-M type genes. Overall, CTX-M-1 was the most common genotype (8/11). Only two CTX-M-9-producing *E. coli* isolates had pulsotypes closely related to isolates from the carriage group (2.2%, 2/91). However, nosocomial transmission is unlikely to account for either of these, since the carrier and acquisition cases were from different ICU, and were admitted at different times.

For CRE, only one patient carried CRE (*E. coli*) at admission. 4 patients acquired CRE after admission (1 *Escherichia coli*, 2 *K. pneumoniae*, and 1 *Enterobacter cloacae*), although none of the isolates were carbapenemase-producing.

DISCUSSION
==========

The ESBL-E carriage rate in our study was high (28.2%, 98/347), although lower than in a recent Korean study, which reported a rate of 42.5% in ICU patients and 20.3% even in healthy persons \[[@B27]\]. These rates were higher than those in a 2012 report from France (15%) as well as one from Israel (8%) \[[@B28], [@B29]\]. The acquisition rate in our study was 12.1% (11/91), similar to that in the report from France (13%) and lower than that in the report from Israel (21%) \[[@B28], [@B29]\]. In the carriage group, CTX-M-9 was the most prevalent ESBL type, whereas CTX-M-1 was more prevalent in the acquisition group, particularly for *E. coli* isolates (*E.coli*-only CTX-M-1/carriage group vs. CTX-M-1/acquisition group, 22/82 vs. 3/6). There have been no reports suggesting that CTX-M-1 genes might be more effectively transferred between bacterial strains. However, given that the pandemic clone *E. coli* O25b:H4-ST131 has also been found to carry CTX-M-1-type genes (CTX-M-15) \[[@B30], [@B31]\], further research is needed to determine whether there are characteristics of plasmids harboring CTX-M-1-type genes that favor plasmid stability or transmission. In our study, the clonality of ESBL-E was low, and nosocomial transmission of resistant clones was not detected. Our findings are in line with a recent study involving 133 patients who were hospitalized in the same room as an ESBL-E carrier or infected person for more than 24 hr (4.3 days on average); this study found only two cases of clone transmission (1.5%) \[[@B32]\]. Although we identified 4-5 clones within one hospital that were not found in patient groups from other hospitals (data not shown), given that the transmission of ESBL-producing organisms can occur among family and other persons who share food or bathrooms \[[@B33]\], it is difficult to determine whether these clones were acquired from the local community or spread within the hospital.

Ideally, infection control for ESBL-producing strains would be achieved through active surveillance and infection control in high-risk patients, such as those in the ICU \[[@B34]\]. However, since both the carriage rate and the likelihood of dissemination in the local community are high, active surveillance of ESBL-E is not cost-effective, and the use of strict contact precautions for infected patients might be more appropriate.

For CRE, the carriage rate was very low (0.3%, 1/346) and the acquisition rate was 2.9% (4/140); no CPE were found in our study. However, data from the Korea Centers for Disease Control and Prevention indicate that an increasing number of hospitals are reporting the incidence of KPC- or NDM-producing strains \[[@B10], [@B35]\]. There have also been reports of horizontal transfer of KPC resistance genes between species \[[@B36], [@B37]\], notably one outbreak that involved 6 species of KPC producers (*K. oxytoca*, *K. pneumoniae*, *Escherichia coli*, *Enterobacter cloacae*, *Enterobacter asburiae*, and *C. freundii*) \[[@B37]\]. A recent Korean study found that a hospital where a case of NDM-1-producing *K. pneumoniae* was identified subsequently continued to detect the presence of NDM-1 in other bacterial species (*S. marcescens* and *C. freundii*) \[[@B38]\].

In conclusion, our data indicate a high fecal carriage rate for ESBL-E, but low clonality and a very low acquisition rate. Our findings suggest that in a non-epidemic setting, systematic detection of ESBL-E in ICU patients is not cost-effective, and that stringent contact precaution for infected patients might be adequate. For CRE, the fecal carriage rate was low, and no cases of CPE were found. However, given the recent emergence of CPE in several Korean hospitals and the potential for horizontal transfer of resistance genes, it will be critical to control the spread of CRE while the frequencies are still low. This will require rapid and accurate testing of carbapenem-resistant isolates from clinical specimens, as well as the adoption of appropriate infection control procedures, if carbapenemase-producing isolates are found. In addition, the incidence of CRE should be monitored continuously. If CRE incidence increases, more aggressive management, such as active surveillance of high-risk patients (those with a history of travel to high-risk countries, a history of contact with immigrants from high-risk countries, or those transferred from hospitals with an occurrence of carbapenemase-producing strains), will be necessary.
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PCR primers used in this study
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Abbreviation: Tm, melting temperature.
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Comparison of the extended-spectrum β-lactamase types found in the ESBL-E carriage group and the acquisition group
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Abbreviations: ND, not identified; ESBL, extended-spectrum β-lactamase; ESBL-E, extended-spectrum β-lactamase-producing *Enterobacteriaceae*.
